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The polyanion-type cathode material such as Li2FeSiO4 is considered as an ideal 
cathode material in batteries for transportations because of abundant raw materials, good 
thermal stability and safety, as well as high norminal capacity. This kind of material is 
capable of obtaining high capacity by exchanging more than one lithium ions, which has 
been, however, apparently impeded due to the problms of the overly high deintercalation 
voltage and larger deformation occurred during the delithiation of second lithium ion. It 
has been theoretically demonstrated that these problems could be overcame with Li2FeSiO4 
through vanadium substitution. Therefore, it is necessary to develop feasible methods in 
order to synthesize high performance vanadium substituted Li2FeSiO4 as a cathode 
material for lithium ion batteries. 
In this work, the different amounts of vanadium substitution of carbon coated 
Li2FeSiO4 (Li2FeSiO4/C) cathode materials were prepared by obtaining precursors using 
the sol-gel methode, and followed by the solid-state reaction. Through preparing a series of 
vanadium substituted Li2FeSiO4/C composites by using different vanadium sources, the 
effects of structure, composition and performance on vanadium substituted Li2FeSiO4/C 
were systematically investigated. Furthermore, possible ways to synthesize high 
performance vanadium substituted Li2FeSiO4/C were also explored. 
It was found that the vanadium substituted Li2FeSiO4/C exhibited the main crystal 
structure indexed to P21/n space group symmetry for either using ammonium 
metavanadate (high-valence vanadium) directly or the obtained vanadium trioxide (low-
valence vanadium) through carbothermal reduction method as vanadium sources. 
Compared with Li2FeSiO4/C, the vanadium substituted Li2FeSiO4/C also included such 
impurities as lithium metasilicate and metallic oxides that depended linearly on the 
amounts of V substitution. The particle sizes of vanadium substituted Li2FeSiO4/C using 
high-valence vanadium increased, while decreased using low-valence vanadium with the 
increasing amounts of vanadium substitution. In addition, the introduction of vanadium 
improved the graphitization degree of coated carbon. The highest discharge capacities of 
5% vanadium substituted Li2FeSiO4/C were 130.8mAh/g (high-valence vanadium) and 
130.7mAh/g (low-valence vanadium) at the current of 10mA/g and at room temperature. 
Compared with the discharge capacity of 161mAh/g for Li2FeSiO4/C, no improvement in 
the capacity of 5% vanadium substituted Li2FeSiO4/C was achieved. However, the 















charge-discharge cycles for 5% vanadium substituted Li2FeSiO4/C with nearly 100% 
coulombic efficiency, demonstrating a good cycle performance. 
The structure and composition of Li2FeSiO4 were significantly influenced by the 
introduction of vanadium. In addition to form a large amount of impurities such as lithium 
metasilicate and metallic oxides, the vanadium substitutions also affected the amounts and 
graphitization degree of coated carbon. The major phase of Li2FeSiO4 could not be formed 
with too small amount of carbon added, while the formations of impurities would be 
enhanced with too large amount of carbon added. These problems could be minimized by 
carbon additions through multiple times during the preparation of vanadium substituted 
Li2FeSiO4/C. The existing several valence states of vanadium and difficulty to obtain low-
valence vanadium, as well as their effects on the graphitization degree of coated carbon, 
made it difficult to synthesize and characterize vanadium substituted Li2FeSiO4/C. 
Therefore, the preparation methods and synthesis conditions need to be further explored 
and optimized. 
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